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Description 

METHODOLOGY FOR FIXING Qcrit AT 
DESIGN TIMING IMPACT 

BACKGROUND OF INVENTION 

[0001] Field of the Invention 

[0002] The present invention generally relates to the design of integrated circuits. 
More specifically, the invention relates to reducing the failure rates of the 
nets of an integrated circuit due to soft errors without impacting the timing on 
critical paths of the circuit. 

[0003] Background Art 

[0004] With the continuing and increasing demand for electronic devices of all 
kinds, there is a concurrent need to improve the quality and to reduce the 
manufacturing time of these devices. In general, all electronic devices 
include at least one integrated circuit ("IC") or "chip" which integrates millions 
of transistors and connections on one tiny substrate of semiconductor 
material. The miniaturization of integrated circuits, and the products which 
they control, continues to be of major significance in the marketplace and a 
driving force to the manufacturers of such products. 

[0005] In designing integrated circuits, there are several key criteria which need to 
be optimized with respect to each other in order to create a design and an 



on-chip layout for an integrated circuit that provides the best overall results 
within certain cost and other design constraints. Such criteria include the 
size of the chip, power consumption of the chip and the speed of operation 
for the various functions accomplished within the chip. This kind of 
optimization analysis is normally done on a workstation or other computer 
system running various analysis and design programs which, in turn, operate 
to weigh the relative significance of the various design criteria for each 
specific application in which the designed integrated circuit will be 
implemented. 

[0006] One of the most important of these design criteria is the time delay involved 
in a particular design for a digital signal to travel through a particular path or 
paths on the integrated circuit to get to certain key points or nodes of the 
circuit in the minimum time possible consistent with performance 
requirements. Ideally, the best design of an integrated circuit is the design 
that enables a signal to traverse a predetermined layout between certain key 
points in the smallest amount of time, wherein the layout or integrated circuit 
consumes minimal power and requires the smallest amount of 
semiconductor area to implement. In most cases, these criteria are mutually 
conflicting so that one cannot be improved without decreasing the efficacy of 
another at least to some extent. 

[0007] For example, in the "sizing" of particular transistors for a proposed integrated 
circuit design, it is noted that although increasing the area of the transistors 
in the design will, in general, decrease the time delay in signal transmission, 
it will also increase the size and power of the chip, and therefore limit the 
applicability of the chip in certain product areas, as well as reduce the 



rofitability of the chip. Also, decreasing the size of a chip will, in general, 
decrease its power consumption, heat generation and chip signal 
interference. 



[0008] Another important consideration is the selection of Qcrit for each net of the 
chip. Qcrit is the amount of charge that will cause a logic state reversal of the 
latch by causing a sufficiently large voltage disturbance. In the case of a 
DRAM cell, Qcrit is the amount of charge that will cause a logic state 
reversal by causing a sufficiently large leakage current to flow that will 
discharge the storage capacitor. Unfortunately, both miniaturization and 
lowered operating voltage (for example, the migration to 3.3 volt and beyond 
devices) of SRAM and DRAM cells with higher integration densities also 
reduce the value of Qcrit for stable operation of the memory cells. 
Accordingly, SRAMs and DRAMs have become increasingly vulnerable to 
errors of the type that are referred to as soft errors. 

[0009] Soft errors in memory components used in digital components are 

spontaneous errors or changes in information stored in the memories that 
cannot be reproduced. Soft errors in electronic components are caused by a 
variety of electrical noise sources. For example, exposure to high energy 
particles, including particles produced by radioactivity or extraterrestrial 
cosmic rays, causes soft errors in electronic components. 

[001 0] The priority of each of the above design constraints and others, and the best 
possible solution for a particular application, will depend upon the application 
in which the integrated circuit is to be used. In most cases, the best result is 
obtained through a combination of trade-offs that is optimized with specific 



regard to, and consideration of, the specific application for the integrated 
circuit being designed. 

[001 1] In order to determine the level of optimization and evaluate the effectiveness 
of any particular design, certain analyses have been used in the industry. 
One such general evaluation technique is timing analysis. In this analysis, a 
circuit timing simulator evaluates a circuit (or macro, or chip) and produces a 
slack list. The slack list is a list of all nets in the system ordered by their 
timing difference from a predetermined nominal time. Those nets that are at 
or above their allocated timing are said to be "timing critical." Those nets that 
are well within their allocated timing are not timing critical. In design 
iterations, those nets that meet their timing are left alone, and those nets that 
are over their allocated timing require redesign (and possible 
re-implementation at the logic level). Once all nets are on or under target, 
the design iteration process ends. While this procedure may effectively 
address circuit times, it is believed that, at least for many applications, these 
prior art procedures may not effectively address Qcrit. 

SUMMARY OF INVENTION 

[0012] An object of this invention is to improve methodologies for the design of 
integrated circuits. 

[0013] Another object of the present invention is to provide a method and system 
for improving the Qcrit of an IC without adversely affecting the timing of 
critical paths in the circuit. 

[001 4] A further object of the invention is to look at each net within an IC chip and, if 



the net is on a critical path and the Qcrit of the net is below a set criteria, to 
improve the Qcrit without impacting timing. 

[0015] These and other objectives are attained with a method and system for 
simulating an integrated circuit. The method including the steps of 
performing a timing analysis of the circuits to ensure that they meet specified 
timing criteria, performing soft error analysis of the circuits to determine 
whether they meet specified soft error criteria, andthose circuits that fail the 
soft error analysis to improve their resistance to soft errors. Preferably, the 
improving step includes the step of improving those circuits that fail the soft 
error analysis by either having an additional voltage source or altering the 
capacitance of the circuits. 

[001 6] Further benefits and advantages of the invention will become apparent from 
a consideration of the following detailed description, given with reference to 
the accompanying drawings, which specify and show preferred 
embodiments of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] Figure 1 is a block diagram illustrating a portion of a module having multiple 
integrated circuits. 

[0018] Figure 2 shows an example of a logic circuit. 

[0019] Figure 3 gives an example of a net list for the circuit illustrated in Figure 2. 

[0020] Figure 4 is a flow diagram showing the preferred circuit design methodology 
of this invention. 



[0021] Figure 5 illustrates a computer that may be used in the practice of this 
invention. 



DETAILED DESCRIPTION 

[0022] The present invention generally relates to the design of integrated circuits, 
and more specifically, to reducing the failure rate of the nets of an integrated 
circuit due to soft errors without impacting the timing of critical nets of the 
circuit. Figure 1 illustrates circuits of the type with which this invention may 
be used. More specifically, Figure 1 illustrates a portion of a module 10 
having a plurality of integrated circuit chips, shown generally at reference 
numeral 12. At least some of the chips 12 include logic devices such as 
drivers (D) 14 and receivers (R) 16. Also on the chips 12 are non-logic 
devices such as terminators (T) 18. The drivers 14 are connected to the 
receivers 16 by means of lines 20. The chips 12 are interrelated with each 
other and may be interrelated with chips on another module, not shown. 
Thus, drivers 14 and terminators 18 may be not only off-chip, but also 
off-module. 

[0023] Figure 2 shows an example of one logic circuit of one of the chips of Figure 
1 , and Figure 3 gives an example of a net list for the circuit of Figure 2. In 
the logic circuit example shown in FIG. 2, cell X and cell Y are connected 
between the logic circuit input terminals A, B and the output terminal C. Cell 
X comprises input terminal b (port) and output terminal b, while cell Y 
comprises input terminals a, b and output terminal c. These are connected 
respectively to wires Net-1 -Net-4. The net list for the logic circuit example 
illustrated in FIG. 2 is recorded as shown in FIG. 3, for example. The input 



terminal and output terminal ports (Port) are A, B, and C, and these ports are 
recorded as pA, pB, pC, while the input terminals and output terminals for 
each cell are recorded as Xpa, Ypb, and so on. 

[0024] As mentioned previously, in the design of integrated circuits, a number of 
factors are important, including timing. To achieve proper timing, a circuit 
timing simulator may be used to evaluate a circuit (or macro, or chip) and to 
produce a slack list. The slack list is a list of all nets in the system ordered by 
their timing difference from a predetermined nominal time. Those nets that 
are at or above their allocated timing are said to be "timing critical." Those 
nets that are well within their allocated timing are not timing critical. In design 
iterations, those nets that meet their timing are left alone, and those nets that 
are over their allocated timing require redesign (and possible 
re-implementation at the logic level). Once all nets are on or under target, 
the design iteration process ends. 

[0025] The present invention extends this methodology to include a subsequent 
filter based on Qcrit analysis. With reference to Figure 4, once timing is 
done, each path is determined whether it is timing critical based upon a 
product's frequency goals. If a timing net is deemed non-critical at 32, then 
the Qcrit net is applied to the net. For nets that are not timing critical, Qcrit 
can be improved in various ways, as represented by step 44. For example, 
Vdd can be boosted on the exposed devices, or Qcrit can be raised by 
adding capacitance or by other circuit techniques that will slow the net down. 
When a net that is not timing critical is slowed down to fix Qcrit, its timing 
must be re-evaluated to ensure that it still meets timing requirements. 



[0026] For nets deemed timing critical at 32, a similar Qcrit analysis is done at 34. 
For all nets having satisfactory soft error immunity (sufficient Qcrit) the 
process ends, as represented at 36. If the timing critical net needs additional 
Qcrit, the voltage is boosted on that net at step 40. 

[0027] In the preferred embodiment, for each net that needs better soft error 

immunity, Qcrit is improved in one of several ways depending on whether 
the net is timing critical or not. In one embodiment, an additional voltage 
source, Vdd' > Vdd, is available or is provided that will make a minimal 
device size immune. For timing critical nets, either the entire circuit is 
redesigned (and the timing iteration is begun again), or Vdd is boosted for 
only those devices subject to soft errors. 

[0028] The method and apparatus of the present invention aid in the design of 
integrated circuits. In practical terms, the design of very large scale 
integrated circuits is performed on a computer utilizing computer software. 
The physical apparatus required for the present invention is illustrated in 
Figure 5. Examples include but are not limited to personal computers and 
workstations such as the IBM RISC System/600TM. A personal computer 50 
includes a number of interconnecting components. A system unit 52 is 
coupled to a keyboard 54, a mouse 56 and a monitor 60. Those skilled in the 
art are aware of the conventional components of the system unit. These 
conventional components include hard disk drives, one or more central 
processing units, high speed cache and standard memory, modems, and/or 
local area networks, interfaces, etc. In addition the system unit 52 contains 
an operating system, such as UNIX.TM or IBM OS/2™- 



[0029] While it is apparent that the invention herein disclosed is well calculated to 
fulfill the objects stated above, it will be appreciated that numerous 
modifications and embodiments may be devised by those skilled in the art, 
and it is intended that the appended claims cover all such modifications and 
embodiments as fall within the true spirit and scope of the present invention. 



